Volume 1961 


Canadian Aeronautical 


ournal 


CONTENTS 


AIR-BREATHING SATELLITE BOOSTER Prof. and 
Molder 227 


SOME ASPECTS THE SPACE COMMUNICATION 
PROBLEM Smelt 


NONPROPULSIVE POWER SYSTEMS FOR LONG-TIME Lubarsky and 
SPACE APPLICATIONS English 


LOG 


Published the 


CANADIAN AERONAUTICAL INSTITUTE 
Commonwealth Building, Metcalfe Street 
OTTAWA 


No. 
> 
235 
— 
te 


AIR-BREATHING SATELLITE BOOSTER Prof. and 
Molder 


three stage, composite earth satellite launching system has been studied. The 
first stage provides power for takeoff, initial climb and acceleration the second 
stage ramjet starting velocity. Two trajectories the second stage recover- 
able, ramjet powered lifting vehicle) have been computed IBM 650 digital 
computer. The initial conditions the two trajectories are the same, except 
that for one the L/D ratio 6.0 and for the other 3.0. The third stage 
rocket which takes its payload orbital conditions. 
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The paper discusses the improvements necessary extend interplanetary 
ranges the communication techniques now employed ground and near-earth 
satellite radio communication links. These include antenna development, the 
ground and the space vehicle, with parallel development adequate alignment 
techniques for both. The possibility ‘space relays utilizing stable equilibrium 
positions the gravitational fields space indicated. 
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LONG-TIME SPACE APPLICATIONS English 


brief discussion the nonpropulsive, long duration, electric power requirements 
the NASA space flight program and the power production systems that are 
expected satisfy these requirements. The discussion intended primarily for 
those unfamiliar with the field. 
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AIR-BREATHING SATELLITE 


McGill University 


SUMMARY 


three stage, composite, earth satellite launching system 
has been studied. The first stage provides power for takeoff, 
initial climb and acceleration the second stage ramjet start- 
ing velocity. Two trajectories the second stage recover- 
able, ramjet powered lifting vehicle) have been computed 
IBM 650 digital computer. The initial conditions the 
two trajectories are the same except that for one the L/D 
ratio 6.0 and for the other 3.0. The third stage 
rocket which takes its payload orbital conditions. 

The work this report devoted mainly the per- 
formance the second (ramjet) stage. Ramjet performance 
analysis brings out important parameter quite similar 
wing loading; here called the intake loading and found 
dividing the weight the ramjet vehicle the intake 
area, W/A. shown that W/A scaling factor for 
ramjet performance. 


The calculations show that possible boost into orbit 
payload which 3.25% the initial all-up weight. 


INTRODUCTION 


until the present time all known space launchings 
have been accomplished with multistage ballistic 
rockets. These rockets have carried very large fuel 
and oxidant loads and consequently very small pay- 
loads. 


read the Joint Meeting Montreal 
the 18th October, 1960. 

*Associate Professor, Hypersonic Group 

**Research Associate, Hypersonic Group 


June, 1961 
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the demand for larger orbiting and space ex- 
ploration vehicles increases, consideration should 
given the boosting capabilities air breathing pro- 
pulsion devices. The main advantages, when compared 
with rocket boosting systems, are: 

(1) oxidant supplied the atmosphere thereby 
eliminating large oxidant weight penalty, 

(2) aerodynamic pressure available for support 
the vehicle provided with lifting surfaces. This 
decreases the thrust requirement, since only 
very small amount thrust used for support, 
the rest being used for acceleration, and 


(3) recovery expended stages may effected 
glide descent and landing, enabling these stages 
re-used. 


The problems associated with air breathing 
booster vehicle are mainly those development. The 
air intake for accelerating ramjet, for example, must 
perform efficiently over wide velocity range. The 
achievement efficient supersonic combustion would 
eliminate the necessity for decelerating the hypersonic 
free stream subsonic velocities before combustion. 
This would carry with considerable gains over- 
all efficiency and the same time would decrease 
internal temperatures and pressures. External combus- 
tion techniques may alleviate both these problems. 

Hydrogen, although gives high specific impulse 
when burned with air, presents containment problems 
because its low density even its liquid state. 
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LIST SYMBOLS 

ramjet air intake area, 

acceleration, 

L/D ratio 

coefficients the equation for sfc 
drag, 

acceleration due gravity, 

altitude, 

air fuel specific impulse, sec 

lift, 

Mach number 

payload fraction any stage 

radial distance measured from geocentre, 


sfc fuel consumption, 


dead weight fraction 


temperature, 

thrust, 

time, sec 

velocity with respect stationary earth, 
ft/sec 

weight, 

angle between thrust and velocity vectors, rad 

angle climb with respect local horizon, 
rad 

angle thrust with respect initial horizon, 
rad 

Subscripts 

burn-out conditions 

initial conditions 

sea level 

Superscripts 

mean value 

differentiation with respect 

differentiation with respect 


DENSITY 
—— ARDC i956 
APPROX. 


Altitude 


Figure 


228 


Figure 
The flight corridor 


THE ATMOSPHERE AND SOME PRACTICAL 
LIMITATIONS 

The temperature and density variations the 
ARDC Model Atmosphere are shown 
Figure the dashed lines. The solid lines indicate 
the values approximated for simplified computations. 

Figure the well known flight corridor. For sus- 
tained flight any altitude and speed, the vehicle 
must not exceed equilibrium skin and stagnation tem- 
peratures bearable current high temperature ma- 
terials (2000°F), this precludes prolonged flight 


the region Figure marked “Too Hot”. 


other hand, lifting stages must remain region 
the h-V diagram where sufficient dynamic pressure 
available for support and thus must not enter the 
region marked Heavy”. addition the high 
temperature and the low dynamic pressure limitation 
there exists limit the internal pressure the 
engine, which cannot exceeded for reasons en- 
gine strength weight consideration. Reference 
gives this upper limit 72,000 psf. The location 
this limit the flight corridor depends the total 
pressure recovery the intake and the Mach num- 
ber after diffusion. The lines shown Figure are 
for total pressure recoveries 1.0 and 0.3, and for 
Mach number the diffuser exit equal 4.0. Thus 
continuous flight ramjet powered vehicle 
limited the region marked “Flight Corridor”. 


THE LAUNCHING SYSTEM 

The launching system will consist stages. 
The first stage jettisonable rocket cluster. Its pur- 
pose provide thrust for takeoff and for initial 
climb and acceleration. The takeoff shallow climb 
angle, airplane type. 10,000 jet runway prob- 
ably suitable. After takeoff the vehicle climbs 
40,000 altitude and accelerates 1000 ft/sec 
velocity. This velocity sufficient ensure enough 
thrust from the ramjet engines overcome the drag, 
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Figure 
I,, Mach number 


and the altitude high enough prevent sonic boom 
damage the ground. this point the ramjets are 
lit, and separated from the first stage. From this alti- 
tude and speed, the first stage may easily recovered 
parachute glide descent. 

The ramjet powered second stage arrowhead- 
shaped hypersonic aircraft. recoverable 
propelled hydrogen burning ramjets. Its payload 
consists the third stage rocket. The (Figure 
and sfc (Figure are based the following as- 
sumptions: 

(1) absolute entropy increase 


intake S/Ro 0.7436 


ASSOHED AQIATION 


Figure 
sfe Mach number 


June, 1961 


(2) nozzle velocity coefficient 0.96 
(3) fuel stoichiometric hydrogen 
(4) combustion efficiency 100% 


The task the ramjet achieve maximum 
increase velocity. desired that accelerates 
from 1000 ft/sec 13,000 ft/sec. While doing this 
the ramjet required climb from 40,000 
90,000 altitude (Point Figure 2). ‘This climb 
entails loss thrust because the density decrease 
with altitude; necessary, however, avoid the 
“Too Hot” region (Figure 2). 

The third stage ballistic rocket; expected 
take its payload from velocity 13,000 ft/sec 
and 90,000 altitude orbital velocity 1,100,000 
Vanguard type satellite circular orbit this 
altitude has life span days’. 


First stage 

Simple performance calculations showed that the 
first stage would capable accelerating from take- 
off 1000 ft/sec while climbing 40,000 ft. During 
this acceleration climb the first stage would consume 
15% its own weight fuel. This within the 
present day capabilities both turbojet and rocket 
powerplants. 


——— mane Eggers (Ref. 6) 
ASSUMEd VAriation 


Figure 
Forces acting powered lifting vehicle 
flying atmosphere 


Second stage 

Consider Figure which shows thrusting, lift- 
ing, and dragging vehicle motion central force 
field. Resolving forces parallel and perpendicular 
the direction motion yields: 


r 


These equations and their various simplifications 
form the basis most trajectory calculations’. 

The second stage trajectory not easy calculate, 
because involves pronounced decrease weight 
and thrust which varies with the vehicle speed and 
ambient air density addition, the sfc and are 
functions Mach number (see Figures and 4). For 
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these reasons the ramjet trajectory calculation was 
performed IBM 650 digital computer. The 
simplifying assumptions this calculation were: 


(1) the L/D ratio remains constant throughout the 
flight either 6.0 3.0, 


(2) the climb angle small that the equations 
motion may linearized, 


(3) the angle attack negligibly small, 
(4) the earth spherical and non-rotating, 


(5) altitude vehicle small compared with the 
radius the earth, and 


(6) the intake capture area the ramjet 
Combining Eqs. (1) and (2) making use 
assumptions (1) and (2): 


Dividing 


The following geometrical relationship exists between 
and 


this allows Eq. (4) converted altitude and 
velocity. Eq. (4) true for any vehicle moving along 
any h-V path. now specify the path terms 


(6) 
then 


For small (assumption 


and 
(9) 
From Eg. (8) get, differentiation, 


Substitution Eqs. (8), (9) and (10) into Eq. (4) 
yields the linear equation motion along given 
path the h-V plane defined h(V), 


This second order differential equation and 
can solved such numerical methods provided 
that, over the integration interval, the variations 
and 1/W are small. The equation becomes more 
complicated the above four quantities are allowed 
vary with 
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motion (Eq. (11)) appear only once and 
then ratio. This thrust/weight ratio equal 


the intake area remains constant, then, for 
given vehicle, constant. Since neither 
nor appear anywhere else the equation motion 
must concluded that vehicles with equal 
have the same performance. Thus may used 
performance parameter scaling factor for ram- 
jet powered vehicles. 


For the problem hand, straight line path 
the flight corridor was arbitrarily chosen. Since 
trajectory optimization any kind has been at- 
tempted, there reason suppose that this straight 
line path any way the best path. 


The and the sfc for the engine characteristics, 
outlined previously, are shown Figures and the 
dashed lines indicate available data and the solid lines 
indicate values used the present computations. 
Brackets the solid lines show the range values 
within which computations were performed. Refer- 
ence from which this data was obtained, shows that 
and are very weak functions altitude. For 
this report, therefore, they were assumed in- 
dependent altitude. 


Third stage 


Using hydrogen-oxygen for fuel, the specific im- 
pulse the third stage was taken 400 sec. started 
90,000 with velocity 13,000 ft/sec (final 
ramjet conditions) and climbed 1,100,000 while 
accelerating 25,500 ft/sec. The orbital speed this 
altitude 25,300 ft/sec. was noted that the velocity 
and radius vectors were not quite perpendicular. This 
would result elliptical orbit. The life span 
Vanguard type satellite this altitude days. 
Burning time the rocket was 100 seconds and the 
thrust vector inclination initial horizontal varied 
according tan” (6.0 The equations 
for the third stage were integrated using method 
described Reference 


RESULTS AND DISCUSSIONS 


Figure shows the flight the proposed system 
the flight corridor. The flight commences with 
rocket powered ground roll from the Point The 
ground roll followed accelerating climb 
assumed that the rocket stage, which required 
accomplish the transition from has struc- 
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Figure 
L/D ratio Mach number 


tural weight which 15% and fuel weight which 
15% the initial all-up weight. 

Point the empty rocket cluster released 
and the ramjets are ignited. The ramjet vehicle then 
proceeds Point During its flight the varies 
shown the solid line Figure This line given 
by, 100 4M. This line higher than the 
available data (dashed line) the velocity range 
1000 7200 ft/sec and lower the range 7200 
14,500 ft/sec. 

The sfc shown Figure The dashed line 
corresponds available data and the solid line 
polynomial the third order which approximates the 
available data. The solid line given 

Over most the velocity range interest (1000 
13,000 ft/sec) the polynomial gives lower than 
actual values for the sfc. 


loo 2s 


20 


60 Is 
Io 
Mec 
Figure 
Altitude and velocity time 
June, 1961 


Figure shows the variation maximum L/D 
ratio with Mach number obtained from various 
references. Underwing propulsion combustion” pro- 
mises even higher L/D ratios. For the present report 
two trajectories were calculated, one having L/D 
ratio 6.0 and the other having 3.0. The L/D ratios 
were assumed independent Mach number. 
Judging from the reference curves, L/D ratio 
6.0 would represent sophisticated aerodynamic design, 
whereas 3.0 would indicative mediocre poor 
design. This especially true for the lower Mach 
number range. 

Figures show the results the trajectory 
calculations for the ramjet powered second stage. 
Figure plot altitude and velocity against 
time from separation the ramjet fom the rocket 
cluster for L/D ratios 6.0 and 3.0. worth 
noting that the altitude and velocity graphs are similar. 
This due the specification the linear path 
the flight corridor given by, 35,833 4.1667 
This path joins the points 40,000 ft, 1000 ft/sec and 
90,000 ft, 13,000 ft/sec, respectively. Further seen 
that vehicle with L/D 3.0 reaches the terminal 


Figure 


Weight fraction velocity 


condition (Point seconds later than one with 
L/D 6.0. The slope the height curve the rate 
and 71.13 ft/sec, reaches maximum 248.39 and 
225.10 ft/sec and 105 sec and then drops 
109.30 and 93.69 ft/sec 280 and 320 sec, for 
L/D 6.0 and 3.0, respectively. The slope the 
velocity curve plotted Figure 10. 

Figure shows the weight fraction the second 


versus velocity, for L/D 6.0 and 


3.0. The curve starts 1000 ft/sec with W/W, 1.0, 
then drops 0.8225 and 0.7975 13,000 ft/sec. 
This means that order for ramjet powered vehicle 
accelerate from 1000 ft/sec 13,000 ft/sec ‘at 
L/D 6.0 and 3.0, respectively, must have fuel 
supply equivalent 17.75% and 20.25% its initial 
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Figure 


Thrust/weight ratio velocity 


all-up weight. becomes apparent also that the 
L/D 3.0 vehicle consumes, 


20.25 17.75 
20.25 


more fuel than the L/D 6.0 vehicle. 


Figure plot the ratio against 
velocity. The ratio starts value near 1.0 
1000 ft/sec and reaches maximum 2.124 and 2.147 
4730 and 4731 ft/sec. then again drops value 
near 1.0 13,000 ft/sec. noted that the 
curve for L/D 3.0 higher than that for L/D 6.0. 
This apparent considering that thrust depends only 
velocity (not L/D ratio) and that weight de- 
creases more rapidly with velocity the lower L/D 
ratio. 


100 12.5% 


c'23485 6789 10 tt 12 13 14 
V «107% ht/cec 
Figure 


Acceleration along the flight path velocity 
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Figure shows the variation the acceleration 
the direction the flight path with velocity. The 
acceleration reaches maximum 59.61 and 54.02 
5029 and 5002 ft/sec. This acceleration (less 
than 2g) well within human tolerances. 

altitude ratio, and weight the computer 
calculated also the following variables each point 
the trajectory: 


rate climb /dt 
‘climb angle 1/V 
rate change climb angle d¢/dt 


Mach number 
fuel flow dw/dt 
specific impulse 
thrust 


PAYLOAD 


STRUCTURE 


RAMIET FUEL 


ROCKET FLEL 


3 
a 


Figure 
Stage weight breakdown 


The following table gives the starting value, the 
maximum and the final value the rate climb, the 
climb angle and the rate change climb angle for 
the ramjet trajectory (L/D 6.0): 


Start Maximum End 
ft/sec 98.41 248.39 109.30 
ft/min 5900 14,900 6,560 
deg 5.129 5.147 0.4803 
di 


The small values provide justification for the 
linearization the equations motion made pre- 
viously. 

Figure summarizes the capabilities rocket- 
ramjet-rocket boosting system. The rocket powered 
first stage consists 15% fuel, 15% structure and 
70% payload. This payload makes the ramjet 
powered second stage which 18% fuel, 25% 
structural weight and 57% payload. This payload 
constitutes the rocket propelled third stage which 
80% fuel, 12% structure and payload. This 
the payload that the system capable orbiting. 


Canadian Aeronautical Journal 


The over-all payload percentage payload 
orbit/initial gross weight 100) 3.25%. ap- 
parent from Figure that, compared with the first 
and second stages, the third stage carries very little 
payload. Thus, attempts achieving improvements 
should directed first towards the third stage. 
believed that better payload orbit could 
achieved the second stage would allowed 
reach speed the order 20,000 ft/sec 200,000 
altitude. This within the capabilities the type 


considered this report. The rocket would 


then increase altitude 900,000 and velocity 
5,000 ft/sec. estimated payload orbit equal 
approximately the initial gross weight may 
achieved this method. 


CONCLUSION 


rocket-ramjet-rocket type composite launcher 
suitable for boosting into orbit 3.25% its initial 
gross weight. estimated that stage and flight path 
optimization may raise this figure 8%. 

Extreme sophistication aerodynamic design 
this accelerating vehicle unnecessary, since vehicle 
with L/D ratio 3.0 gives only 0.2% less payload 
orbit than one with L/D ratio 6.0. 


The first stage, consisting cluster rockets, 
may recovered parachute and re-used. The 
second stage may returned for landing and then 


The accelerations experienced during the whole 
boost phase are the order and thus well within 
human tolerances. 

comparison with pure rocket boosters the ram- 
jet system lighter, uses less fuel and completely 
recoverable. For equal initial gross weights the ramjet 
puts into orbit payload which times larger than 
that achievable with rocket launchers. 

The analysis shows that two ramjets having equal 
values have the same performance. 


noted that the results obtained are valid 
for any ramjet vehicle whose ratio initial weight 
intake area (or capture area) 1000 this 
implies that may use 1000 vehicle with 
300 intake area, give the same performance. 
The smaller vehicle probably the lower limit 
weight because mechanical size restrictions and 
the larger the upper limit because prohibitively 
large capture area requirements. practical vehicle 
has weight somewhere between these limits. 
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APPENDIX 


NUMERICAL SOLUTION THE RAMJET VEHICLE’S 
EQUATION MOTION 

The second order differential equation 
(Eq. (11)) was converted into two first order simul- 
taneous equations and the substitution 


a=V (14) 
Eq. (11) then becomes 


(14) and (15) are then the two first order simul- 


taneous equations. the numerical integration 
these equations 3.0 6.0, 31.91 ft/sec’, 

Since the effect variation integrated 
one, was thought that sufficient accuracy would 
achieved using the average weight between two 
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points integration, i.e., the weight between any 
two points and was taken as, 


The Runga-Kutta Method was used solve 
(14) and (15). The solution was programmed 
the McGill Fortran Automatic Coding System and 
performed IBM 650 digital computer the 
Computation Centre, McGill University. 


The program computes any monotonically climb- 
ing descending trajectory the h-V plane that can 
specified third order polynomial the form. 


Similarly, the and the sfc may specified 


le = + e.M + 
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SOME ASPECTS THE 
SPACE COMMUNICATION 
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SUMMARY 


Communication from satellites and interplanetary space 
vehicles logical extension, longer ranges, present day 
radio communication systems earth. not practicable 
achieve the required increase range increasing trans- 
mitter power the space vehicle; but there are developments 
offering reduction receiver noise and increases antenna 
gain, both the ground and the satellite. Progress being 
made construction very large ground antennas, and 
development unfurlable antennas for the space vehicle. Both 
appear limited their application the requirements 
for accurate alignment the space vehicle position and 
orientation. 

Present techniques employed for communication with low 
altitude satellites the Discoverer program are illustrated, and 
the effect improvements communications for typical 
satellite and interplanetary missions presented table. 
all the improvements which currently appear feasible, 
the theoretical maximum information rate for Mars Venus 
probe only about 2500 bits/sec, and practice only about 
one quarter this maximum may realized. The paper 
draws attention the possibility relay stations inter- 
planetary space, utilizing stable equilibrium positions the 
moon-Earth and Earth-sun gravitational fields similar the 
Trojan satellites. 


INTRODUCTION 


communication was well developed tech- 
nology the time the first artificial satellites were 
placed into orbit. The provision communication 
channels and from the satellites for data retrieval 
and, later, for command, has been largely matter 
adapting these techniques, and fitting them the 
special requirements and environments space. Satel- 
lite development now moving into second phase, 
which applications meteorology, surveillance, 
communication relaying navigation earth are 
each posing their special requirements the radio 
communication links. addition, lunar 
planetary space vehicles now require communication 
systems operating over ranges millions miles. 
Nevertheless, all these developments still represent 
logical extensions the present radio communication 
systems earth, and instructive make direct 
comparison between the new space systems and the 
established terrestrial radio links. 


read the Joint Meeting Montreal 
the 17th October, 1960. 
Scientist, Missiles and Space Division 
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representative earth-bound system the 
microwave radio relay, which now carries appre- 
ciable fraction the wide-band communication traffic 
the USA and Canada. typical relay this chain 
operates with transmitting power about watts, 
the same order magnitude typical present day 
satellite transmitters, the frequency, around 
also fairly close the optimum for 
space-to-earth transmission, will seen below. The 
most obvious difference the range operation. 
The ground relay stations are usually located 
tops about miles apart, but even the lowest altitude 
earth satellites the Discoverer series, with 
apogees about 100 nautical miles) require com- 
munication over range about 1,000 miles the 
horizon. The “stationary” satellites, moving the 
equator with the same rotational period the earth, 
height 22,000 miles, are considerable interest 
for application intercontinental communication re- 
lays; they require transmission paths exceeding 25,000 
miles. Deeper space probes are required transmit 
information over interplanetary distances measured 
millions miles. Since the power received inversely 
proportional the square the distance free 
space, evident that the space vehicle communica- 
tion system must capable operating satisfactorily 
with received signal strengths many orders magni- 
tude lower than corresponding receivers the 
ground-to-ground system. 


One obvious method mitigating this problem 
increase the transmitted power. the frequency 
range interest for space communication applica- 
tions, output tubes are now available which can supply 
power measured kilowatts. These tubes can 
used ground stations source transmitted 
power the satellite space vehicle. Their use 
the inverse direction, from satellite ground, presents 
number formidable problems. 


the first place, such high power tubes are heavy 
and bulky but, even more important, the provision 
power the satellite feed the generator 
exceedingly difficult and expensive. operation for 
more than few days desired, solar power the 
only feasible primary source which has been used 
the present. the vicinity the earth, the sun 
provides ample power for communication purposes, 
but the collector required harness this power with 
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Figure 
antenna Discoverer Station, Hawaii 


present techniques costs $500/watt, and weighs about 
Since currently costs about $1,000 
place payload into even low altitude orbit, 
will evident that the provision large amounts 
power solar collectors inordinately expensive 
present. possible that future improvements may 
significantly reduce the cost, that the development 
nuclear auxiliary power sources may provide 
greater economy. Even these developments take 
place, however, doubtful whether high power 
transmitters would then used space vehicles, be- 
cause the reliability problem. 


practically every satellite space vehicle ap- 
plication, the active components within the vehicle are 
required continue function satisfactorily for long 
periods without maintenance. The current target for 
most satellite payloads about one year operation. 
The interplanetary vehicles now the planning stage 
will require electronic equipment with similar life 
performance, since the typical interplanetary journey 
will take many months even years execute. 
more utilitarian note, the economics satellite 
communication relay depends primarily upon vehicle 
lifetime, and equipment with useful operating life 
ten years under study and development. 
currently considered that long life and high power are 
not compatible microwave tubes, since high powers 
imply high emission currents which are synonymous 
with short life conventional vacuum tubes. 
conceivable that the development high power solid 
state devices operating the microwave region may 
completely change this picture but, for the time being, 
appears that, from considerations reliability 
well primary power supply, satellite transmitter 
output will limited maximum few watts. 

The current problem space communication 
thus primarily the vehicle-to-ground link, and can 
stated very simply. With roughly the same power 
now used for distances about miles the 
ground, how possible cover satellite distances 
thousands miles, interplanetary distances 
millions miles? 
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ANTENNAS 

The first step achieving the best possible condi- 
tions for space communication utilize the maxi- 
mum practicable gain both the transmitting antenna 
the space vehicle and the receiving antenna the 
ground. The ratio received power transmitted 
power given the familiar range equation 


(1) 


where the range free space 
the wavelength 
and are antenna gains defined 
the effective “capture” area the 
antenna, slightly less than its physical 
area. 


There are engineering limitations the gain which 
can employed both the satellite and ground an- 
tennas; determined both cases the space available 
and the problem accurate alignment. Considering 
first the simpler case the ground antenna, movable 
dishes have always been used the present, al- 
though electronically steerable ground arrays 
greater area appear feasible and may, fact, used 
for communication links with pseudo-stationary satel- 
lites 22,000 mile orbits, where the movement 
the beam restricted small sector the sky. 
the low altitude Discoverer program, dishes 
diameter have been employed and have usually been 
supplemented tri-helix antennas; the installation 
Kaena Point Hawaii shown Figure Installa- 
tions using combination these types antennas, 
with suitable tracking equipment, have been placed 


where 


Figure 


Artist’s view the 600 antenna being constructed 
the Naval Research Station 
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Figure 
Vane antenna open 


number points around the globe selected for best 
interception polar orbits. 

Although the dish has proved very satisfac- 
tory for Discoverer satellites, the deep space probes 
and lunar vehicles launched the present have 
depended largely upon reception the 250 dia- 
meter dish Jodrell Bank England. This the 
largest receiving dish the world present; how- 
ever, will shortly dwarfed the radio telescope 
now being built the Naval Radio Research 
Station Sugar Grove, West Virginia. This dish 
600 diameter and more than acres area. 
furnished North American Aviation, Inc. 

The major problem dishes such large diameter 
that the beam extremely narrow. Approximately, 
the beam angle measured between the half power 
points the radiation path given where 
the dish diameter. 

For transmission frequency this 
implies beam angle 0.2° with antenna, and 
only 0.02° with the 600 Sugar Grove antenna. 
will evident that the diameter the receiving 
antenna increases, the structure becomes more un- 
wieldy move and, the other hand, the require- 
ments for accurate alignment the space vehicle 
position become more difficult. fact, the basic com- 
ponent the direction system the Sugar Grove 
antenna inertial guidance system utilizing ballistic 
missile guidance techniques. There is, course, 
difficult engineering problem providing the neces- 
sary precision the dish shape, and ensuring that 
the deflections the dish under its weight and wind 
forces not destroy the gain. 

The satellites and space vehicles launched 
the present have used comparatively simple antennas, 
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primarily because the problems directing high 
gain, narrow beam system satellite. Most space 
vehicles flown the present have had stabiliza- 
tion devices, that was imperative use 
substantially isotropic transmitting antenna. Some 
satellites have been spun orbit, but this simple 
stabilization system does not maintain its orientation 
relative earth stations, that again its antenna 
must almost isotropic. The Agena satellite, used 
the Discoverer series, stabilized with accuracy 
about relative local earth axes, but again high 
directive antennas are not used because the desire 
receive signals from number stations with 
different orientations (combined with understand- 
able desire, the early flights, receive information 
from the vehicle the event that the stabilization 
system did not work For most applica- 
tions the Agena satellite now contemplated, the 
communication link adequate without high gain 
the satellite’s transmitting antenna. are, however, 
the research organization LMSD, investigating 
adding high gain antennas which can 
directed ground receiving station, taking ad- 
vantage the stabilization feature the Agena ve- 
hicle. These methods depend upon the fact that the 
forces the antenna orbit, from its weight its 
air loads, are completely negligible, that the antenna 
need only strong enough carry the small 
forces required direct it. have investigated 
mechanical vane devices, shown the open position 
Figure The alternative possibility unfurling 


Figure 
Aluminum foil antenna open 


part the Wright Air Development Division 
the Air Research and Development Command, under Con- 
tract No. 
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Figure 
Aluminum foil antenna packed 


their structure air pressure may ultimately still 
more attractive. The Echo passive satellite the first 
practical application this technique satellite 
orbit, with the simplest possible inflatable structure, 
sphere. more sophisticated antenna for active 
transmitter with appreciable gain shown Figures 
and the open and folded positions. important 
emphasize here that the opening process not 
merely matter inflation, but rather matter 
placing the aluminum foil elements the correct 
direction, and smoothing out the kinks, that they 
can carry the loads required direct chem. The in- 
flating gas is, fact, expelled after the antenna 
erected. 


These antennas are examples number al- 
ternative configurations which have been investigated 
LMSD. more complete account our work 
unfurlable antennas has been given Kennedy 
conference the University Illinois. appears 
that unfurling techniques will permit the trans- 
mitting antenna satellite have gain commen- 
surate with accuracy stabilization and direction 
which can incorporated the satellite’s control 
the ultimate limit then set, exactly the 
ground antenna, the precision the guidance 
system. 

this point, can again compare the space 
communication system with the ground-to-ground 
microwave link, which usually employs dishes about 
nets represent gain 100, and the Navy antenna 
shown Figure will provide healthy improvement 
10‘ compared with the receiving antenna the 
ground system. the other hand, the almost isotropic 
transmitting systems our present satellites and space 
probes imply serious loss efficiency compared 
with the ground transmitting antenna, which has 
gain about other words, even employ 
the 600 dish shown Figure with non-direc- 
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tional satellite antenna, the over-all performance 
better than the present antenna system ground-to- 
ground links, and must look for other improve- 
ments handle the longer ranges space. If, the 
other hand, can unfurl and direct antenna 
the space vehicle (its beam width about 

kmc/sec would consistent with stabilization ac- 
curacies already attained the Agena vehicle), then 
can increase the gain factor the 
range factor 100 for the same communication 
bandwidth and quality. 


NOISE 

For the extended Tanges satellite and inter- 
planetary communication, necessary accept 
lower received power levels than present terrestrial 
communication links, and this implies that the masking 
noise the receiver must reduced. well 
known, this noise partially generated the receiver 
itself, and partially contributed outside sources, 
the atmosphere further distant Both these 
components have had considerable investigation, and 
are discussed recent literature (e.g., Pierce and 
Cutler have excellent discussion inter- 
planetary communications Vol. Advances 
Space Science). therefore sufficient give brief 
summary conventional, noise power com- 
ponents will expressed terms equivalent 
noise temperature Tx°K; for pre-detection band- 
width cycles/sec, the noise power watts, 
where Boltzmann’s constant, 1.380 10™. 


Figure which taken, with minor modifications, 
from the article Pierce and Cutler, shows how the 
average galactic noise increases with decreasing fre- 
quency. the other hand, the noise due atmo- 
spheric absorption and reradiation (mainly from water 
vapor and oxygen) becomes significant frequencies 
above about follows, Figure clearly 
demonstrates, that space-to-ground link has mini- 
mum external noise the frequency range from about 
kmc/sec. recent Federal Communications 
Commission hearings Washington (August 1960) 
number organizations interested space develop- 
ments have stressed the desirability special fre- 
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/sec 


Figure 
Cosmic and atmospheric noise 
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quency allocations this part the spectrum 
space communications. important stress that 
Figure does not include man-made noise, peaks 
galactic noise which would occur, for example, 
the antenna were pointed directly the sun. 
ground-to-ground communication links such 
THI net, very generous margin included for man- 
made interference, but this margin cannot afforded 
space communications. Fortunately, 
margin not necessary, since possible locate 
the receiving antenna relatively isolated areas and 
take precautions minimize interference pickup 
the antenna side lobes. 


further point which noteworthy Figure 
that for vehicle-to-vehicle communications above 
the atmosphere, the upper frequency limit about 
kmc/sec does not apply. fact, appears desirable 
move into those regions which are almost com- 
pletely absorbed the atmosphere, have 
natural shield against interfering signals from the 
earth. number workers the field have there- 
fore suggested that the infra-red, X-ray and gamma- 
ray regions the spectrum might advantageous for 
communication entirely space. Unfortunately, the 
efficiency signal generation and the sensitivity 
detectors these regions are far from attractive, cur- 
rently, comparison with the more conventional 
bands. example, with present day techniques 
infra-red and optical detection, transmission over lunar 
distances would require extremely high signal powers 
(modulated light beams the order kw) and 
apertures about inches, demanding extreme pre- 
cision alignment. Furthermore, our current know- 
ledge the amount radiation space these 
frequency bands not yet adequate; IGY data ob- 
tained rocket experiments the Naval Re- 
search Lab, for example, show very high radiation 
intensity near the band. 

The last few years have seen considerable im- 
provement the noise generated within the receiver 
itself. Table again provided Pierce and Cutler, 
shows the large reduction noise temperature which 
has been obtained parametric amplifiers and masers. 
The antenna the National Aeronautics and 
Space Administration Goldstone California em- 
ploys parametric amplifier, and its noise temperature 
reported about 100°K. The special horn an- 
tenna, which Bell Telephone Labs has developed for 
the Echo program, employs maser detector, and the 
total noise temperature around 20° 25°K. These 
developments imply gain exceeding 100 signal-to- 
noise ratio, more than ten-fold increase range 
for the same signal bandwidth and quality. 


INFORMATION CAPACITY 


can now examine how the developments 
anterinas and detectors, summarized above, will im- 


the capacity space communication systems, 


will permit wider bandwidth handled with 
given signal-to-noise ratio. Specifically, the range 
equation (Eq. (1)) leads directly value for the 
product bandwidth and signal-to-noise ratio S/N: 
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TABLE 
Type Receiver Noise Temperature (°K) 
Maser, expected future improvement 
B.S/N (2) 


where the total receiver noise temperature. 


The quantity figure-of-merit for the 
communication link; fact, Pierce has pointed out 
that for space-to-ground links, where small vehicle 
power forces the utilization large bandwidths for 
even moderate information capacity, the quantity 
measures directly the theoretical maximum 
rate which information can sent over the 


link: 
Imax S/N bits/sec. (3) 


Table gives values this basic quantity for 
number existing projected space communication 
links. For simplicity, preparing this table, has 
been assumed that all links are operated the same 
ground links have usually been operated somewhat 
lower frequencies, the VHF bands, that their 
performance was somewhat inferior the numbers 
given the table. evident, however, that the low 
altitude satellites not pose any serious communica- 
tion problem; even with present day equipment, the 
maximum theoretical information rate almost 
bits/sec, which more than satisfies the data transmis- 
sion requirements such satellites, even with very 
inefficient use the system from the information 
coding point view. 


must emphasized that the theoretical informa- 
tion rate given Table represents ideal upper 
limit which not attained practice. discussion 
communication theory and the superiority certain 
modulation and demodulation techniques beyond 
the scope the present paper, and sufficient 
give brief summary. The familiar amplitude modula- 
tion carrier determines the bandwidth directly 
terms the information content (speech, etc) 
and usually far from the optimum bandwidth for 
minimum power. consequence, obtain voice 
transmission adequate quality, the information 
rate must 10° lower than the theoretical 
maximum. Some improvement possible sup- 
pressed carrier SSB techniques; but transmis- 
sion much preferred for such applications, 
since its information content can approach within 
factor the theoretical value. Still better utiliza- 
tion can obtained adopting feedback systems 
such phase lock FB/FM, which can approach 
within factor the full theoretical perform- 
ance. Needless say, such phase lock systems have 
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TABLE 


PERFORMANCE SPACE-TO-EARTH COMMUNICATION LINKS 
(ASSUMING COMMON KMC/SEC) 


Transmitter 


Maximum 
Application Range 
Antenna 

Low altitude satellite 1000 miles Isotropic 

Communication satellite 5000 miles Isotropic 
(low altitude, 2500 miles) —189 
Communication satellite 25,000 miles Isotropic 
(stationary, 22,000 miles) —203 
Same, with directed 20° beam (19 db) 
satellite antenna* beam (45 db) 
Lunar probe 250,000 miles Isotropic 

Mars Venus probe 2.5 108 miles Isotropic 

—283 


Same, with later 
improved receiver 


Receiver 
Imax 
bits/sec 
Power Antenna Noise 
” ” ” 119 db 
100 watts 100°K (param) 
100 watts 600 20°K (maser) 2500 


*The 20° beam will cover the surface the earth below the satellite that one satellite antenna will communicate with several ground 
stations; the beam would directed single ground station, and represents the best current satellite stabilization accuracy. 


been used for long range space probe communications, 
and FB/FM system used the NASA-Bell passive 
improvement. 


The data links current low altitude satellites, 
forming the first item Table have frequently 
merely adopted conventional missile telemetering 
techniques, which simple used the modula- 
tion method. evident that there ample margin 
for such extravagant techniques with present satellite 
equipment. The communication satellites are more 
difficult position since envisaged that future com- 
munication loads will require very large number 
voice and circuits that the total information 
bandwidth may high mc/sec. Furthermore, 
commercial standards quality for such signals re- 
quire high signal-to-noise ratios. For this application, 
FB/FM systems are currently being advocated. 


Even with the best modulation scheme, Table 
demonstrates clearly that transmission over interplane- 
tary distances must limited only few bits 
information per second, least until the big antennas 
now under construction are full operation. 
course, for transmission from space interplane- 
tary journey, there will general serious re- 
quirement for large information rates, since the 
journey will occupy periods months even years 
during which conditions are not changing appreciably. 
The more serious problem occurs the end such 
journey, when the target planet being approached. 
will then necessary expend considerable in- 
genuity methods utilizing the relatively small 
information rate give maximum data. For pic- 
torial transmission, for example, may necessary 
include the vehicle storage system which can 
take pictures rapidly the point nearest approach, 
and then retransmit the pictorial data over much 
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longer period time. There also scope for some 
the many schemes which have been proposed for 
compression pictorial data, utilizing techniques 
such black white coding differentiation 
the information with time. point fact, this prin- 
ciple transmitting only changes information, and 
not the steady output, could utilized more fully 
many our current data links with considerable im- 
provement quality. 


SPACE RELAYS 


Returning again comparison with long dis- 
tance earth links, noticeable factor such links 
then the multiplicity relay stations. now 
examine the possibility corresponding “hilltops” 
space, sites which can see, and are visible from, 
every point where may send space vehicle. Evi- 
dently, when locate the receiving station earth, 
the moon another planet, least half the 
field view blocked out. fact, there 
atmosphere the usable field view even less. 
addition, space journeys will usually the plane 
the ecliptic, that there significant probability 
that the sun will block out the transmission (note its 
extremely high noise temperature, which presumably 
extends out into the corona). space station 
ciently far removed from the earth have all- 
around view, and also look around the sun, thus 
considerable interest. 


There further requirement for such stations 
which has terrestrial equivalent; would like 
know where they are, without the need for continuous 
tracking, complex ephemeris computations large 
nautical Almanacs. Figure illustrates two possibilities 
which satisfy these requirements. The first the well 
known equatorial “stationary” satellite height 
about 22,000 miles; the earth only obstructs about 
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its view the heavens, and there diffi- 
culty finding it. But does not help appreciably 
seeing around the sun, and unattractive cost 
compared with two three suitably placed earth 
stations for all-around viewing. The cost picture 
changes completely when stationary satellite with 
attitude stabilization already view earth-to- 
earth communication link. Possibly such future ve- 
hicles will carry, addition their normal ground- 
to-ground relay equipment, ground-to-space relay 
changing frequencies the higher values which ap- 
pear more appropriate for space-to-space links. 


The other space relay possibility illustrated 
Figure less well known, involving points space 
which Lockheed have called the Trojan points. 
the two points shown, forming equilateral tri- 
angle with the sun and earth the plane the earth’s 
orbit, easily shown that the gravitational and 
centrifugal forces are equilibrium; the original 
demonstration this attributed Lagrange. can 
further shown that when the mass the smaller 
body less than 1/25 that the larger, the equi- 
librium stable. space vehicle launched with the 
correct velocity and direction would then locked 
position. error initial conditions, subse- 
quent perturbation, gives rise doubly-periodic 
motion around the equilibrium point. 


The combination the sun and each planet satis- 
fies this stability requirement without exception, and 
does the moon-Earth pair. The strength the re- 
storing forces, the permissible error for given 
angular deviation, greatest for the Earth-moon sys- 
tem, followed sun-Jupiter and then the smaller 
planets. The sun-Jupiter combination has already cap- 
tured few bodies appreciable size, known the 
Trojan satelloids; they were discovered 1906, more 
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(a) Stationary satellite 


(b) Stable “Trojan” points 


Figure 
Space relay stations 


than century after the theoretical prediction. The 
Earth-moon and Earth-sun Trojan points are ap- 
parently not inhabited any bodies visible size 
present; they appear eminently suitable for 
space relay stations, particularly for the purpose 
looking around the sun. 

Needless say, these special points have also been 
proposed for other space uses. For example, Car- 
ruthers (Raytheon) has pointed out their utility 
space navigation beacons, and have also considered 
the possibility that they might used parking 
places where “hot” nuclear rocket might left 
lose radioactivity before being reclaimed. un- 
likely, however, that there will need for 
interplanetary board allocate uses these points 
present, since there are reasonable number con- 
veniently located throughout the solar system. 
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NONPROPULSIVE POWER SYSTEMS FOR 


LONG-TIME SPACE APPLICATIONSt 


Lewis Research Center, National Aeronautics and Space Administration 


SUMMARY 


present, solar photocells are the prominent source 
power for long-time, nonpropulsive applications space, and 
they will maintain this prominence for powers below kilo- 
watt so. Thermoelectric power supplies are being developed 
for use with solar, radioisotopic and reactor energy sources; 
these systems will useful those applications involving 
impact long periods darkness. Turbogenerator systems 
employing solar and reactor sources are being de- 
veloped for powers several kilowatts and up; their use for 
nonpropulsive applications several years away. Thermionic 
emitters are the basis for promising future systems, but their 
real potential cannot yet evaluated. 


INTRODUCTION 


year space flight program the National 

Aeronautics and Space Administration (NASA) 
calls for total 260 major satellites and 
space vehicles this decade. Anticipated missions in- 
clude weather observation satellites, communications 
satellites, satellites and spacecraft devoted scientific 
experiments, and manned satellites and spacecraft. 
anticipated that unmanned spacecraft will probe the 
moon and the near planets and that manned spacecraft 
will circumnavigate the moon. Manned lunar landings 
are expected occur This year pro- 
gram will, course, modified from year year 
the basis realized progress and the availability 
funds. 


The purpose this paper discuss briefly the 
nonpropulsive, long duration, electric power require- 
ments the NASA space flight program and the 
power-production systems that are expected satisfy 
these requirements. The discussion intended pri- 
marily for those unfamiliar with the field. attempt 
will made discuss such other topics as: 


(a) propulsive power (power production systems for 
electric propulsion for attitude control), 


(b) short duration power (systems based chemical 
energy the primary energy source), and 


(c) power requirements power-production systems 
interest the Department Defense. 


+Paper read the Joint Meeting Montreal 
the 18th 1960. 

Chief, Nuclear Systems Division 

**Chief, Power Production Branch 
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The discussion organized follows: (1) power 
requirements, (2) energy sources, and (3) the systems 
themselves. The systems are divided into three groups: 
(1) systems use, (2) systems being developed, and 
(3) systems just coming out the laboratory. 


POWER REQUIREMENTS 


The phrase “power requirements” euphemism 
for painful compromise. The ultimate desideratum 
would be, course, have unlimited power avail- 
able. This not feasible because the limit weight 
that assigned the power supply. Consequently, 
there always exchange between the vehicle de- 
signer and the payload designer that commences with 
“How much power you need?” and “How much 
power can you give us?”, and continues until some 
compromise reached that generally just barely 
satisfactory both parties. When future power re- 
quirements are described this paper, always 
the context this compromise; that is, attempt 
has been made guess what the compromise will be, 
not only for space vehicles currently designed but 
also for those that are only “gleams their fathers’ 
eyes”. Clearly, any such estimate very uncertain 
best. 


Long duration electric power requirements can 
conveniently considered three categories: com- 
munication power, life support power and instrument 
power. The significance the first two categories 
fairly obvious from their designations; instrument 
power just handy term for the catch-all category 


including everything not the first two categories, 


such power for scientific instruments, navigation 
and guidance equipment, and forth. 

Communication power requirements depend 
number factors: the rate which desired 
transmit information, the desired signal-to-noise ratio, 
the noise the communicating equipment, the an- 
tenna gains earth and the vehicle, the distance, 
and forth. The possible range each these fac- 
tors very great and accordingly the communication 
power requirements can vary greatly. Let consider 
some these factors individually. 


communication, the rate information transfer 
usually measured bits per (bit ab- 
breviation for binary digit). Communication power 
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Figure 
Effect signal-to-noise ratio lunar photograph 


required varies linearly with information rate. The 
scientific information gathered space can usually 
expressed few numbers. number with signifi- 
cant figures the decimal system requires about 
bits for its expression binary system. Conse- 
quently, the bit rate required for most scientific ex- 
periments low. For example, cosmic ray experiments 
require information rates bits per second; 
measurement magnetic fields space would re- 
quire about the same information rate; mass spectro- 
graph might require bits per second; and measure- 
ment atmospheric composition Mars Venus 
from entering spacecraft might require 100 bits 
per second. 

the other hand, observations based sound 
and sight contain large amount information. Even 
blurry, indistinct photographs contain the order 
50,000 bits information, and clear, well defined 
photograph may contain 750,000 bits information. 
clear voice transmits the order 50,000 bits 
information per second. The transmission rate re- 
quired for information sight and sound depends 
how long time available for its transmission. 
True-time, clear television requires about 10° bits per 
second. However, 200,000 bit picture can trans- 
mitted about minutes 100 bits per second. 

For typical scientific satellites the near future, 
average information rates the order perhaps 
100 bits per second are satisfactory. For manned flight, 
true-time voice communication desirable, and bit 
rates the order 50,000 bits per second are de- 
sirable. The meteorological satellite program includes 
transmission many pictures reasonable periods 
time (Tiros transmitted about 23,000 pictures 
few months), and high information rates are desirable. 

The clarity with which information arrives de- 
pends signal-to-noise ratio. For transmission 
number instrument reading) that can 
repeated number times, signal- -to-noise ratios 
low 1.5 are acceptable. picture transmission, 
higher signal-to-noise ratios are. required. Figure 
taken from Hamilton and shows lunar photo- 
graphs with signal-to-noise and 100. 

The noise level communication equipment 
being continuously reduced. good receiver might 
have noise power 1000 megacycles, about equi- 
valent thermal noise room temperature. The 
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anticipated introduction maser techniques might 
reduce the noise order magnitude. 

Antenna gains both the ground and the 
spacecraft can and undoubtedly will increased. The 
spacecraft antenna gain can considerably increased 
use beamed antennas place the isotropic 
antenna, typical the early space vehicles. Increased 
antenna diameter both the spacecraft and the 
ground will also increase gain. Combined antenna 
gains may increase anywhere from 1000 times, 
depending primarily the size spacecraft antenna 
that can carried and the accuracy with which 
can aimed. 

The power required for communication varies 
directly with the square distance, and the distance 
can vary from 200 miles for low altitude satellite 
directly overhead the order 100 million miles for 
spacecraft arriving Mars. 

clear from the discussion individual factors 
that the power required for any particular communi- 
cation purpose not fixed but depends factors 
under the control the spacecraft designer (such 
spacecraft antenna diameter and information transmis- 
sion rate) and factors not under the control the 
spacecraft designer (such ground antenna gains and 
performance low noise receivers). For most mis- 
sions the NASA year program, the average 
communication power requirements will not exceed 
few hundred watts kilowatt. circumstance that 
might result appreciably higher power levels for 
communication would the addition the year 
program mission requiring true-time television 
transmission. such transmission required the 
year program present. 


The amount power required for life support 
also varies with number men and length flight. 
Various estimates indicate that power the order 
100 1000 watts per man might typical value 
for the manned flights this decade. 


The amount instrument power required gen- 
erally not large. Typical values for scientific instru- 
ments are: magnetometer, watts; micrometeoroid 
microphone, watts; array six cosmic ray 
counters, watts; and mass spectrograph, watts. 
Requirements for navigation and guidance equipment 
are generally the same order magnitude. 

summary, these requirements for given missions 
result broad range power requirements. Table 
taken from Slone and Lieblein’, indicates the level 
power available some the satellites and spacecraft 
launched April 1960. Future requirements will 
vary greatly. Most unmanned missions will require 
powers under kilowatt. the low side, the power 
requirements for passive deflectors for the communi- 
cations satellite program are the order 
milliwatts (Echo has milliwatt power supply). 
Manned missions, the other hand, will require 
average powers ranging from the 260 watts Project 
true-time television transmission becomes objective, 
then even higher powers may become desirable; how- 
ever, almost all missions will fall the power range 
few kilowatts less. 
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TABLE 
SUCCESSFUL SATELLITE AND SPACE PROBE LAUNCHES 


Remarks experiments 


Recorded internal temperatures 
and pressures 


Cosmic rays; 


x-radiation; test animal (Dog) 


Discovered Van 
belt 


Tested solar batteries; revealed 


pear-shaped earth 
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Name Origin Launch Lifetime Payload Power re- Power 
date end quirements supply 
Sputnik October January 184 Chem. batt. 
1957 1958 83.5 
Sputnik November April 13, 1120 Chem. batt. 
1957 958 508 
1958 years 4.82 
Vanguard USA March 17, 2,000 years 1.06 batt. 
1958 solar cells 
Explorer III USA March 26, June 27, 10.83 batt. 
1958 1958 4.91 
Sputnik USSR May 15, April 2134 Chem. batt. 
1958 1960 968 solar cells 
Explorer USA July 26, year 18.26 batt. 
1958 8.28 
Pioneer USA October 11, hours Chem. batt. 
1958 
1958 5.5 
Project Score USA December 18, January 21, 150 Chem. batt. 
1958 1959 
1959 366 
Vanguard USA February 17, 200 years 21.5 Chem. batt. 
1959 9.76 kg. 
1959 6.08 
Explorer USA August.7, year 142 batt. 
1959 64.4 tinuous solar cells 
max 
Lunar probe USSR_ September Impact 858 
1959 moon, 389 
September 
1959 years 22.7 
Lunar probe October 614 Chem. batt. 
1959 278 solar cells 
Explorer VII USA October 13, years Hg, Ni-Cd. 
1959 solar cells 
1960 tinuous solar cells 
max 
Tiros USA April days 270 Ni-Cd batt. 
1960 122.5 solar cells 


Cosmic ray temperatures; 


micrometeorite data 


Analyzed cosmic radiation, com- 
position atmosphere, etc. 


Measured corpuscular radiation 


Density micrometeorites; 
measured interplanetary magnetic 
field 


Discovered second radiation belt 
around earth 


Beamed human voice from space; 
messages and ground 
station 


First reach vicinity moon 


Cloud cover satellite 
Earth-moon trajectory 


Radiation belt; magnetic field; 
micrometeorite; radio propagation 


Impact moon 


Measured magnetic field; inten- 
sity solar x-rays 


First picture far side moon 


Studied direct solar radiation 


Radio transmission test; radiation 
belt; magnetic field; micrometeor- 
ites 


Photographs cloud cover, 
meteorological satellite 


Navigational-aid satellite 
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ENERGY SOURCES 

Chemical energy sources are inadequate for long 
duration space power systems, because the large 
weight chemicals required and, accordingly, only 
solar and nuclear energy sources are considered herein; 
systems using chemical energy are discussed Re- 
ference for example. Two types nuclear energy 
source are current interest: radioisotopes and re- 
actors. These three types energy source (solar, 
radioisotopic and reactor) will considered turn. 


Solar energy 


The sun continually radiating energy rate 
about 0.38 million, billion, billion kilowatts. Extra- 
polating from considerable past experience, con- 
sider highly reliable energy source. Solar energy 
has the advantages that does not increase the weight 
shielding required for radiation protection, and 
creates nuclear hazards the launching sites. Solar 
energy has, indeed, many desirable characteristics 
that considerable margin the most important 
energy source for nonpropulsive power. There is, 
however, probably nothing either this world out 
that unmitigated blessing, and the sun 
energy source has two drawbacks. unfortunately 
some distance from us, and the solar energy re- 
ceptor must able see the sun. Let consider 
the consequences these two disadvantages turn. 


The mean distance the earth from the sun 
92.9 million miles. this large distance the solar con- 
stant (outside the earth’s atmosphere, the solar power 
incident upon unit area normal the sun’s rays) 
about 130 watts/sq ft. Since typical energy conver- 
sion devices interest have efficiencies the order 
15%, the energy receptor for solar power 
system must have frontal area 150 ft/kw. 
This acceptable area for almost all nonpropulsive 
power systems, those below, say, few kilowatts. 
commences quite design problem the kilo- 
watt range, however, and for power requirements 
above few kilowatts this large receptor area can 
become serious drawback. For example, propulsive 
power requirements range from several 
megawatts. The frontal area required for megawatt 
system the order 100,000 ft. 


The requirement that the receptor solar power 
system always see and, indeed, point the sun causes 
problems. These problems fall into two categories: 


(1) orienting the receptor when the vehicle sun- 
light, and 


(2) providing power when the vehicle not sun- 
light. 


First consider receptor orientation. the power 
level small enough, this problem can solved 
providing fixed receptors variously oriented that, 
matter what the vehicle’s attitude, the correct area 
intercepted. This approach, however, increases the 
area the receptors themselves factor and 
therefore practical only for powers the lower end 
the sub-kilowatt range. For higher powers, some 
electromechanical means required for orienting the 
receptor; although the orienting mechanism fairly 
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low weight, does reduce reliability and increase 
the difficulties vehicle integration. 

The second problem, that energy storage for 
periods when the spacecraft not sunlight, 
more serious one. the total accumulated time 
darkness less than week two, some chemical 
energy based, power production system can used 
during the periods darkness but the accumulated 
time longer some method storing solar energy 
required. Solar energy can stored number 
forms. can stored the form heat; can 
converted electricity and stored storage bat- 
tery; can converted electricity, the electricity 
used decompose some compound, and the decom- 
position products stored; and forth. Currently, only 
two methods are major interest, heat storage and 
storage batteries. 

Heat storage implies that the solar energy con- 
version device heat engine, and therefore thermo- 
dynamic considerations require the addition heat 
within relatively narrow range temperature. Ac- 
cordingly, substances are required for heat sinks that 
have large changes internal energy over small tem- 
perature differences, and this generally means that 
substances with melting points the temperature 
range interest and with high latent heats fusion 
are sought. Melting rather than boiling usually 
interest because the high specific volume vapours. 
One substance considerable current interest 
lithium hydride, which melts about 1250°F and has 
heat fusion the order 1200 For heat 
engine 10% efficient, about lithium hydride 
are required per kilowatt hour electrical energy 
produced the dark. 

Use storage batteries generally involves greater 
weight than use heat storage for those missions 
which the dark period recurs many times. charge- 
discharge cycling hundreds thousands times 
required, battery weight rises the order several 
hundred thousand pounds per kilowatt hour. 
Nickel-cadmium batteries are normally used for this 
service. only few charge-discharge cycles are re- 
quired, then batteries zinc-silver oxide cells can 
weigh low the order hour. 

summary, the sun very attractive energy 
source for nonpropulsive power generation. Its single 
most serious problem the sub-kilowatt range 
energy storage. the kilowatt range, the receptor size 
becomes problem that increases with increasing 
power level. 


Radioisotopes 

Radioisotopic energy sources are considerable 
interest for powers the sub-kilowatt range. Powers 
are limited the range several factors, 
among them that nuclear reactor the lighter 
energy source for powers above few kilowatts. 
However, the two factors are availability 
and hazards. The availability appropriate radio- 
isotopes limited, and the launching hazard increases 
with the power level. Indeed, nuclear hazards consti- 
tute major problem for both radioisotopes and re- 
actor energy sources, and represent one the prin- 
cipal advantages solar energy systems. 
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TABLE 
CHARACTERISTICS RADIOISOTOPES 


Curies Pounds 
Radioisotope Half life Source 
Thermal Thermal 
144 285 days 130,000 0.09 
product 
product 
product 
210 138 days 32,000 0.02 Neutron 
irradiation 
bismuth 
238 years 31,000 Neutron 
irradiation 
uranium 
242 162 days 28,000 0.02 Neutron 
irradiation 
uranium 


The power available from radioisotopes continually 
decreases with operating time, and radioisotopes 
long half life are sought. Table lists some isotopes 
interest. The alpha emitters (Po 210, 238, 242) 
have the advantage that they require very little shield- 
ing and this simplifies ground handling and keeps 
weight down. However, these alpha emitters are con- 
siderably more hazardous than the others Table 
accidentally released into the atmosphere. 


summary, radioisotopic sources are interest 
for power levels below few hundred watts, particu- 
larly for situations which solar systems have 
difficulty. 


Reactors 


Reactor energy sources are handicapped for ap- 
plication the power range below few kilowatts 
the fact that there minimum critical size for re- 
actors. Reactor weights the order couple 
hundred pounds are typical reactors designed 
for these applications. This one fact alone limits the 
range application systems few hundred watts 
greater. addition, for many applications, radia- 
tion shielding required and this further increases 
system weight. Because this, reactors will very 
likely not used for nonpropulsive power any 
manned missions this decade. However, there are 
some missions, even the sub-kilowatt range for 
which solar energy systems are unattractive (e.g., 
Venus soft landings) and for which the power re- 
quired may sufficiently high few hundred watts 
more) for reactor system interest. the 
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Figure 
Solar photocells shingle array 
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power level rises above few kilowatts and the re- 
ceptor the solar energy system becomes larger, the 
reactor still weighs few hundred pounds even 
thermal powers the order megawatts. Thus, for 
high powers (typical electrical propulsion) reactors 
come into their own. 


SYSTEMS CURRENTLY USE 

The only long duration power production system 
currently use employs solar photocells, usually 
combination with rechargeable batteries order 
provide power during periods darkness. typical 
shingled assembly photocells shown Figure 
solar photocell consists slab n-type silicon 
(silicon which impurity has been added order 
produce high concentration conduction elec- 
trons) whose upper surface thin layer p-type 
silicon has been produced diffusion boron into 
this surface. This p-type silicon has low concentra- 
tion conduction electrons. the energy the solar 
photons absorbed the cell sufficiently great 
break the covalent bonds holding the electrons the 
silicon atoms, electron-hole pairs will created. The 
energy required for production electron-hole pairs 
called the “band gap”, and the minimum energy 
required raise electron from the nonconducting 
“valence band” the “conduction band”, which 
the electron free part electric current. 
the electron-hole pair produced the vicinity 
p-n junction, the electron and hole are separated 
the junction, and useful power produced the 
cell. 
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Figure 
Solar spectrum intensity 


Solar photons having energies different from the 
band gap result energy losses. Absorbed photons 
insufficiently energetic produce electron-hole pairs 
simply produce heat. Photons whose energy greater 
than the band gap produce heat with their excess 
energy. 

Figure indicated the figure the maximum 
wavelength photons that will produce electron- 
hole pair silicon. This wavelength corresponds 
photon energy just equal the silicon band gap, 
which 1.1 electron volts. every incident photon 
which could produce electron-hole pair did pro- 
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Figure 
Temperature effects photocell efficiency 


duce one, and every electron-hole pair was separated 
the junction, then the maximum theoretical 
ciency would attained (about 21% 22% for 
silicon). Materials other than silicon having different 
band gaps could selected. turns out that the 
optimum band gap about 1.6 electron volts, com- 
pared with the 1.1 electron volts for silicon, and the 
maximum theoretical efficiency for this case about 

The actual efficiency the silicon photocell 
about 10% temperature 25°C. Somewhat 
higher efficiencies have been attained the laboratory. 
The difference between theoretical and actual 
ciency comes principally from three sources. First, 
silicon has reflectivity about 30%; surface coat- 
ings, addition serving other functions, reduce 
this reflectivity about 5%. The other two sources 
efficiency reduction are the recombination elec- 
tron-hole pairs before they are separated the p-n 
junction and the photocell’s electrical resistance, 
which primarily attributable the thin p-layer. 
Both the rate recombination and the resistance 
the p-layer are strongly influenced imperfections 
the crystal structure the silicon. large 
measure, losses, excepting reflection, can laid 
our present inability manufacture perfect silicon 
crystals. 

The rate recombination electron-hole pairs 
and the resistivity the p-layer both increase with 
increasing temperature. Efficiency, consequently, falls 
off with temperature shown Figure The out- 
put typical photocell 80°C only about 55% 
its output 25°C. This fact affects design 


photocell arrays. For example, perhaps the main pur- 


pose photocell coatings help keep the photo- 
cells cool increasing the emissivity the infra-red 
region around micron wavelength, silicon having 
emissivity only 0.3 0.5 this region. 
again, panel-mounted photocells such those Ex- 
plorer (Figure 5(a)) run cooler 
mounted cells such those Tiros (Figure 5(b)). 

The weight complete solar cell assembly in- 
cluding structure runs about 100 for perfectly 
oriented array photocells 10% efficient operating 
25°C. 
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Energy storage considerable problem with 
solar photocells. Currently, storage batteries are used, 
and photocell capacity increased permit charging 
the batteries while sunlight. discussed pre- 
viously, the number charge-discharge cycles that 
the batteries must through has strong effect 
battery weight. For many missions, large number 
charge-discharge cycles are contemplated (e.g., near- 
earth satellite may require 2600 charge-discharge 
cycles month period), and nickel-cadmium bat- 
teries are used with only 10% 15% the stored 
energy drained per cycle; this results weight 
the weight unoriented 100 watt photocell system 
with energy storage might the order 
photocell system provide this same power all 
times near-earth satellite might weigh the order 
150 addition increasing weight, batteries 
decrease reliability because their range operating 
temperature restricted. 

One last factor importance should mentioned 
with regard solar photocells, and this their cost. 
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Spacecraft with photocells 
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Figure 
Thermoelectric device 


about $10. The cost for cells alone, therefore, 
the order $5,000/sq ft, and this area, under ideal 
conditions, will generate watts power. When 
one considers that perhaps packages are required 
the ground for one flight, that, for example, 
mission requiring watts photocell output from 
unoriented cells would require about $400,000 worth 
cells for the sets, can seen that cost 
indeed factor importance. 


SYSTEMS BEING DEVELOPED 
Thermoelectric system 

Although Seebeck discovered the thermoelectric 
effect over century ago, only recently has the new 
knowledge material characteristics and the need 
for new methods for energy conversion resulted 
great interest production electric power 
thermoelectric means. Thermoelectric systems operate 
the familiar principle thermocouples, principle 
illustrated Figure two dissimilar metals and 
are joined form electrical circuit, and the 
junctions materials and are maintained 
different temperatures, electrical potential called 
the Seebeck electromotive force (emf) produced. 
This voltage, potential, could applied across 
electrical load order perform useful work. 


Heat must supplied the hot junction and 
removed from the cold junction for three reasons. 
First, thermoelectric device employs temperature 
difference produce useful work means the 
Seebeck emf and thus thermodynamic machine 
requiring addition heat high temperature and 
rejection heat low temperature; high voltage 
output for given temperature difference desired, 
and this requires high value for the Seebeck co- 
efficient (Figure 6). Second, the materials the elec- 
trical circuit conduct heat from the hot junction 
the cold junction and thereby increase both the heat 
addition and heat rejection; this loss reduced the 
thermoelectric materials have low thermal conduc- 
tivity. Third, electrical resistance the circuit results 
heating the conductors; low electric resistivity 
thus desired. The parameter defining the desirable 
combinations these three characteristics the figure 
merit (Figure 6), for which high values are 
desired. 


The materials having the greatest values for figure 
merit are semiconductors, p-type semicon- 
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ductor being selected for one leg the circuit and 
n-type for the other leg. Figures merit the 
order 10° are representative current prac- 
power supply that uses the thermoelectric 
principle for conversion heat from radioisotope 
into watts electric power has already been 
and called SNAP this power supply weighs 
and has thermal efficiency 5%. SNAP 1A’ 
similar type device, being developed produce 
125 watts and weighing 175 

SNAP thermoelectric power supply pre- 
sently under development that employs reactor 
its primary energy Its weight without shield- 
ing 355 lb, and its design power 300 watts. 
Thermoelectric devices employing solar heat lag be- 
hind the radioisotope and reactor units; they are either 
being designed are the early phases develop- 
ment. With present knowledge, solar heated thermo- 
electric power supplies appear both heavier and 
less efficient than solar photocells. 


The basic problems advancing thermoelectric 
power supplies for use space are associated with the 
thermoelectric materials. Present programs are directed 
toward development materials having increased 
figures merit the ability withstand high tem- 
perature, say above 1500°F. 


Turbogenerator system 


The turbogenerator conversion system very 
familiar one. the ground power station taken 
flight. There are several differences, course, the 
space turbogenerator system. First, one the long 
duration energy sources previously discussed used. 
Second, and most important, the system optimized 
the basis weight rather than cost. These differ- 
ences produce number very significant changes. 
First, since all waste heat must radiated directly 
space, the condenser temperature high (of the 
order 75% boiling absolute temperature). Be- 
cause higher temperatures are required than are pro- 
vided steam systems, mercury currently used 
the working fluid. Also, equipment such regenera- 
tors not used because the increased weight more 
than offsets the increased efficiency. This optimization 
the basis results efficiency consider- 
ably lower than for ground units, the efficiency run- 
ning about 10% 15% for the large systems for 
propulsion application and even less, perhaps 
8%, for the systems few kilowatts and below. 
This decrease efficiency with size primarily 
result low component efficiency for small com- 
ponents. Another important characteristic space 
turbogenerator systems that the systems are herme- 
tically sealed, since replacing lost working fluid results 
unacceptably severe weight penalty. The systems 
also have bearings that are lubricated the working 
fluid. 

Four turbogenerator systems for space application 
are developed under development. All use mercury 
the working fluid. All have turbine inlet tempera- 
tures 1150° 1300°F and condensing temperatures 
500° 700°F. The smallest these SNAP 
radioisotope powered system delivering 470 watts 
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electric The conversion system for SNAP 
has been operated the ground for 2500 hours. 


SNAP reactor turbogenerator system deliver- 
ing with conversion weight the order 
300 400 The rotating subsystem SNAP 
has been operated for periods hundreds hours, 
but the complete system has not been operated. 


Two turbogenerator systems whose development 
just starting are Sunflower and SNAP Sun- 
flower system using solar energy. Its 
weight might the order 650 including solar 
collector and energy storage. The collector alone 
might weigh the order 185 lb. SNAP re- 
actor powered system deliver kw; the conver- 
sion system might weigh the order 1000 
1200 lb. Two conversion systems will operated 
with one reactor make system. in- 
tended for propulsion application but could used 
for nonpropulsive power powers this order are 
required. Both Sunflower and SNAP are being 
developed for the NASA. Development SNAP’s 
and for the Department Defense. 


Two other turbogenerator systems for space ap- 
plication are under study. These are advanced systems 
higher temperature level. One solar 
system using rubidium the working fluid and with 
turbine inlet temperature perhaps 1700°F. The 
other 300 reactor system using potassium 
the working fluid and with similar turbine inlet 
temperature. Each these Department Defense 
system. 


Turbogenerator systems are attractive for powers 
above few kilowatts. Below that level, static con- 
version devices have about the same weight and are 
not troubled the extreme problems reliability 
that continually trouble high performance rotating 
system that must function unattended for very long 
periods. From few kilowatts up, turbogenerators 
offer weights unrivaled any the currently com- 
petitive systems, but this power level above that 
required many the NASA missions this 
decade. However, toward the end this decade and 
throughout the next, nonpropulsive power require- 
ments will undoubtedly rise, and the utilization 
turbogenerator systems higher power levels will 
accordingly increase. 


SYSTEMS STILL THE LABORATORY 

There are number ideas for power production 
systems that are still the laboratory. Time and space 
not permit discussion them all. They share one 
common quality; too early for their performance 
potential evaluated for the extent which 
they will used actual flight determined. 
But one system this large group stands out because, 
first, potentially low weight system and, second, 
just entering the development phase. This system 
based the thermionic emitter. The thermionic 
emitter (Figure consists hot plate (cathode) 
and cold plate (anode) separated either vacuum 
low density, ionized vapour. The temperature 
the hot plate raised level sufficiently high 
literally boil electrons out the cathode; these 
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Figure 
Thermionic emitter 


flow the anode and pass through the load back 
the cathode, thereby delivering power. Since the ther- 
mionic emitter converts heat electricity, can use 
any the energy sources discussed previously, solar, 
radioisotope reactor. 

The basic principle the vacuum thermionic 
emitter has been known for number years. Two 
factors deterred its earlier development. First, high 
temperatures, say above 2000°F, are required pro- 
vide sufficient electron emission from the cathode. 
Second, the electrons flowing between the cathode 
and the anode create space charge that tends 
reduce electron flow and thereby reduce power 
output. The high temperature problem has not been 
ameliorated, but over the years since the first dis- 
covery thermionic emission, technology has pro- 
gressed that these high temperatures might soon 
successfully handled power system. There are 
two methods interest for reducing eli- 
minating the problem the space-charge barrier. 
first approach reduce the spacing between the 
cathode and the anode. This reduction space-charge 
barrier increases current density inversely with the 
square the spacing. Small emitters with spacings 
small 0.0004 inch have been successfully operated 
for short periods the laboratory. With this small 
spacing and with cathode temperature about 
2300°F efficiencies 13% and power densities 
0.8 watt/sq cathode area have been 


Another approach reducing the space-charge 
barrier introduce cesium vapour into the space 
between the cathode and the anode. the cathode 
temperature sufficiently high, enough the cesium 
vapour becomes ionized for the cesium vapour 
behave like plasma, and tends eliminate 
reduce the space-charge barrier. This approach 
reduction space charge relatively new and ap- 
preciably increases the current and power density. 
Unfortunately, the cathode temperature required for 
ionization the cesium very high, and cathode 
temperatures perhaps 3000°F greater are re- 
quired for high performance plasma filled thermionic 
emitters. the laboratory efficiencies the order 
13% and power densities the order 
watts/sq have been unfortunately, 
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these results have been obtained with cathode tem- 
peratures the order 4000°F higher. Consider- 
able work now progress try obtain this 
promising performance lower temperature. 


present, not possible evaluate specific 
weights that might obtained from reliable, long 
duration thermionic emitter systems for space opera- 
tion. The systems clearly have potential for high per- 
formance. the other hand, they are high tempera- 
ture systems, and the concessions performance 
needed obtain reliability and endurance for space 
operation cannot presently determined. 
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SECRETARY’S LETTER 


ECONOMIES 


letter must written before the Annual General 
Meeting takes place but think can safely forecast 
some the results that Meeting and the meeting 
the Council held conjunction with it. The outstand- 
ing need the present time balance the budget and, 
though economized last year far could with- 
out seriously reducing our performance, still spent too 
much money. Something has got done carry the 
Institute through these difficult times, even the tem- 
porary sacrifice some our services. 

This Journal far our heaviest printing 
costs have gone and advertising revenue has gone 
down rather sharply late. April eliminated 
some features which had bearing the technical 
content; but that was not enough and now must re- 
duce the technical content well. This great pity 
because there Jack good material and future 
some will have published elsewhere. shall 
have confine ourselves the cream. The plan that 
instead four five papers each issue shall have 
limit ourselves two three. But shall retain the 
present monthly frequency and, except that will 
little thinner, the Journal will look much the same 
has the past. 

This reduction will not only save printing costs 
but the work this Headquarters, enabling con- 
sider reducing our present staff. Consequently Mr. 
Chisholm, who has been Assistant- Secretary and Editor 
the Journal for the last two years, will leave the 
end May; will gone the time this published 
(and can only hope that shall somehow manage 
get published without him). 


STUDENT CONFERENCE 


The Detroit Section the IAS held its Regional 
Student Conference the 6th May the University 


Toledo, and this year they kindly invited the CAI 


participate. should explain that, the first place, the 
IAS and the CAI use the terms “Sections” and “Branches” 
exactly opposite senses and, the second, each IAS 
Student Branch associated exclusively with one uni- 
Sections are dependent Branches. However the Detroit 
Section exercises some parental control over all the Stu- 
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dent Branches its area and once year organizes 
Conference, one the Sections acting host. 

was ambitious and typically hospitable gesture 
invite the CAI add international flavour this 
year’s Conference. CAI Students were invited present 
papers and, because they were not, strictly speaking, 
eligible for the IAS Student prizes from the Minta Martin 
fund, the IAS invented special international category 
and raised the prize money from local industry. 

With the co-operation Professor Poppleton To- 
ronto and Mr. Conrath Montreal arranged for two 
students from each these Sections attend; they were 
Mr. Radford and Mr. Stephens from Toronto 
and Mr. Thomas and Mr. Wygnanski from Mon- 
treal. went along too. 

was most enjoyable affair. There were about 
present; the morning and afternoon were devoted the 
presentations some papers, including one our Mr. 
Wygnanski, and the evening had semi-formal 
banquet, which the judges’ awards were announced and 
the prizes presented. got little bewildered this point 
and not quite clear who won what; think that 
there was tie for first international honours, which was 
very gratifying. 

The Principal Speaker the banquet was Mr. Charles 
Tilgner, Vice-President the IAS, 
who spoke “The Importance the Professional So- 
ciety”. 

most sincere thanks are due Mr. 
Spreitzer, Chairman the Detroit Section, who went 
enormous trouble see that were well looked after, 
and our hosts Toledo, Professor Heath, 
Faculty Advisor, and Mr. Duszynski, President 
the Toledo Student Branch. 


NATIONAL CONFERENCE TECHNOLOGICAL 
TRAINING 


Another event the month which the CAI took 
part was the National Conference Technological 
Training originated the Department Labour and 
held Ottawa the 9th and 10th May. Professor 
Loudon attended the official delegate the Institute, 
and put brief appearance, observer, the 
plenary sessions. will not venture give the details 
the decisions must await the final Report 
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1961-62 Executive Committee: Halifax-Dartmouth Branch 
Professor Cochkanoff, Chairman; and 
Mr. Bowers, Treasurer. Unfortunately this picture 
does not include LCDR Brown, Secretary. 


the Conference. However can say that the purpose 
the Conference was discuss the Technologist level, 
that is, the level graduation from the various Provincial 
Institutes Technology, and consider the desirability 
establishing some sort country-wide standard. 


DR. THEODORE VON KARMAN 

The May was Dr. von Karman’s 80th birthday 
and the Air Force Office Scientific Research arranged 
Symposium and Banquet Washington, D.C. mark the 
occasion. The ceremony was co-sponsored some 
scientific and professional organizations from all over the 
world, the CAI amongst them. Dr. Green, our Vice- 
President Elect, attended the Banquet our representa- 
tive. For birthday present, gave Dr. von Karman 
excellent little book photographs the Canadian 
scene, suitably inscribed and bearing the Institute’s crest. 
impressed gold its cover. understand that other 
presents comprised certificates and honours all sorts, 
but since Dr. von Karman already Honorary Fellow 
the Institute, the highest honour can bestow, 
thought that should try encourage him come 
see more frequently and hoped that this hook 
would serve that purpose. 


BRANCHES 

The Branches have been very, active lately, holding 
their Annual General Meetings and installing their new 
Officers. will run through their reports chronological 
order. 


Montreal 19th April 

Following their usual practice the Montreal Branch 
held Dinner Meeting the 19th April. There were 
members the dinner and the attendance increased 
138 hear Mr. Phillips Canadair speak “The 
Londeau, the Branch Secretary, was the Chair and 
introduced the speaker. also asked the President, who 
was present, say few words the Branch. 

W/C Londeau sent outline Mr. Phillips’ talk 
and seems very similar the paper presented ably 
the Test Pilots Symposium November. is, 
course, expert the subject the CL-41 and 
excellent speaker. Mr. Truran thanked him 
behalf the Branch the conclusion the meeting. 


Halifax-Dartmouth 19th April 

The new Officers the Halifax-Dartmouth Branch 
were installed the meeting the 19th April, held 
the Wardroom Mess HMCS Shearwater. Mr. Wall- 
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worth, the Past Chairman 1960-61, was the chair the 
absence the Chairman, LCDR Cummings, who 
was sea. The incoming Executive Committee consists 
Professor Cochkanoff, Chairman, Mr. 
Stewart, Vice-Chairman, Mr. Bowers, Treasurer, 
and LCDR Brown, Secretary. The Fairey Aviation 
Company has recently presented the Branch with gavel 
which was ceremoniously handed over Professor 
Cochkanoff took office. 

With these formalities and the presentation some 
new Certificates Membership out the way, Mr. 
Stewart introduced Mr. Fessenden, Assistant Chief 
the Weapons System Section the Grumman Aircraft 
Engineering Corporation, who spoke “Solutions 
Aircraft-Stores Separation Problems”. Mr. Fessenden had 
originally tried visit Halifax-Dartmouth November 
but had been unable get through that occasion. This 
time the weather had been little kinder. Percy 
has sent excellent report Mr. Fessenden’s talk 
and sorry that cannot reproduce here. seems 
have been most informative paper unusual 
subject. Mr. Garrard thanked the speaker and ob- 
served that was the first lecturer from the USA have 
visited the Branch; asked for more. 


Quebec 20th April 

Following his postponed itinerary, Mr. Fessenden went 
spoke the Branch there the 20th April. Dr. 
McMahon, the Branch Chairman, presided the meet- 
ing, which was held Laval University with present. 
(There were present Halifax-Dartmouth but, 
proportion the size Branch, Quebec’s was the better 
turn-out. 

should like express the Institute’s thanks Mr. 
Fessenden for visiting these two Branches, 
aborted first attempt, and Mr. Charles Tilgner 
Grumman, who arranged the tour for us. 


Edmonton April 

The Annual General Meeting and Dinner Dance 
the Edmonton Branch was held the April the 
Isle Capri Supper Club. (How they get name like 


Mr. Fessenden addressing the April 
meeting the Halifax-Dartmouth Branch. 
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that Edmonton?) There. were people there and, ac- 
cording the report from the Branch Secretary, “it was 
very successful meeting and everyone had wonderful 
time”. any rate the proceedings opened seriously 
enough with the presentation the Branch Annual Re- 
port the retiring Chairman, Mr. Van Horne, 
and the introduction the incoming Executive Commit- 
tee comprising Mr. McNee, Chairman, Mr. 
Quick, Vice-Chairman, Mr. Hegstrom, Secretary- 
Treasurer, and F/L Hogg, Chairman the Pro- 
grammes Committee. (Unlike other Branches they elect 


their Chairman the Programmes Committee Ed- 


monton. 


25th April 

Because W/C Evans, the Branch Chairman, has 
now been spirited away from Winnipeg the RCAF, 
Mr. Grant, the Vice-Chairman, carrying for 
the rest the season and presided the meeting held 
the Winnipeg Flying Club the 25th April. This 
meeting was attended members who heard Mr. 
Hovey speak “Modern Developments Metal- 
lurgy and Metal Processing”. Mr. Hovey used teach 
the University Manitoba and, though now Test 
and Development Engineer Bristol Aero-Industries, 
seems that has lost none his skill lecturer. Mr. 
Baker, his Secretary’s Report the meeting, tells 
that manuscript may available later and hope 
will be; for evidently this talk was outstanding survey 
the subject, relatively straightforward terms. 
might suitable for publication the Journal. 


Calgary 26th April 


This again was Branch Annual General Meeting, 
held the RCAF Officers’ Mess Station Lincoln Park, 
the 26th April. Mr. Stanley, the retiring Vice- 


Chairman, was the chair the absence Mr. 


Fenby, who has moved Vancouver. There were 
present. 


The Branch Committees presented their several re- 
ports and the new Executive Committee was installed. 
The incoming Officers are Mr. Burge, Chairman, 
Treasurer, and Mr. Jones, Secretary. 


Part the ceremony consisted presenting the 
Branch Student Award Mr. Smolkowski the 
Southern Alberta Institute Technology, for his paper 
entitled “Investigation into Aircraft Drag”. 


Toronto 3rd May 


The Toronto Branch held its Annual General Meeting 
the Four Seasons Motor Hotel the 3rd May. took 
its usual form dinner followed talk, and this 
year the talk had little with aeronautics. fact 
dealt with mountains; Professor Wilson the 
Department Geophysics, University Toronto, en- 
titled his address “The International Geophysical Year” 
and the course tracing the world’s mountain ranges, 
showed coloured slides his world tour the late 
1950’s. was introduced the audience Dr. 
J..H. Wade and Mr. Czarnecki moved vote 
thanks the end. 

Mr. Bottoms was the chair and introduced 
the 1961-62 Executive Committee follows: Mr. 
Heaslip, Chairman, Professor Poppleton, Vice- 
Chairman, Mr. McLachlan, Treasurer, and Mr. 
Parker, Secretary. 
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the Montreal Astronautics Group Meeting 

Mr. Taylor, Branch Chairman; Mr. Bossart; 
Dr. Luckert, Group Chairman; and Mr. Bogdanoff, 
Past Chairman, Astronautics Section. 


Ottawa 17th May 

Ottawa, too, held its Annual General Meeting this 
month, with the worst attendance this year, 17. This did 
not constitute quorum, that resolutions put the 
meeting will have voted upon mail. Even the 
Chairman, Mr. Watson, was unable attend 
know that his excuse was genuine and G/C 
Bridgland, the retiring Vice-Chairman, presided and pre- 
sented Mr. Watson’s Report. also announced the new 
Executive Committee himself, Chairman, Professor 
Treasurer, and Mr. Pounder, Secretary. 

Then Mr. Radford gave talk which 
called Review the Problems Satellite Rendez- 
vous”. This comparatively new subject and Mr. 
Radford handled very skilfully. The fact that was 
small and intimate meeting coupled with Mr. Radford’s 
straightforward presentation produced very lively dis- 
cussion afterwards. bigger gathering might have spoiled 
it, but the 300 odd members who stayed away missed one 
the best meetings the season. 


SECTIONS 
Astronautics: Montreal Group 

collaboration with the Montreal Branch, the Mon- 
treal Group the Astronautics Section held meeting 
the 26th April hear Mr. Bossart, Technical Direc- 
tor, Convair Astronautics, speak “The Atlas Missile 
and its Potential Space”. was dinner meeting at- 
tended members and ran from 8.00 11.00, 
which fair indication the interest shown and the 
discussion that took place. 

This was very creditable performance considering 
that there had been regular Branch Meeting only 
week before. 


THE OLD ORDER CHANGETH 


With the exception the Winnipeg and Quebec 
Branches, think now know the names the 1961-62 
Executive Committees across the country; wish them 
good term. all owe great deal the retiring 
Officers, who have given their time and effort last 
year’s programme and glad know that many 
them have found places the new Committees and will 
give another year their service. 
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ANNOUNCEMENTS 


TURNBULL FIELD 


The new municipal airport building St. John, N.B. 
will formally opened the 20th 1961, and, 
the same time, the airport will named “Turnbull Field”, 
memory Dr. Rupert Turnbull, who was born 
St. John. 

The suggestion that the airport should named after 
Dr. Turnbull originated with the Institute 1957 
part the nationwide celebrations the Fiftieth An- 
niversary Powered Flight Canada 1959 but 
was turned that time. has since been revived 
the local authorities. 

plaque, presented the Institute, will unveiled 
Mr. Donald Turnbull, Dr. Turnbull’s son. The cere- 
mony start 11.00 and hoped that many 
members possible will attend. 


ANGLO-AMERICAN CONFERENCE 

announced the last issue the Eighth Anglo- 
American Conference will held London from the 
3rd the 14th September, 1961. The technical sessions 
will start the second week, from the 11th the 14th; 
during the first week the programme will comprise visits 
various plants and facilities, including the S.B.A.C. 


Registration 

Those planning attend the Conference must register 
advance and should obtain application forms from the 
Secretary and return them him before the 15th July. 
Particulars the C.A.I. delegation must transmitted 
the Royal Aeronautical Society shortly thereafter. 

The Registration Fee $35 will cover admission 
the Conference, the associated paperwork and copy 
the Proceedings. 

would helpful those planning attend would 
get touch with the Secretary soon possible. Please 
not put off until the last moment. 


NEWS MEMBERS 

Hamer, has been appointed the Royal 
Commission Government Organization its repre- 
sentative the Toronto area. 

Shenstone, has been named President-Elect 
the Royal Aeronautical Society. 

W/C Londeau, formerly Detachment 
Commander 1102 TSD Canadair, has been ap- 
pointed Commanding Officer No. TSU Mon- 
treal, with effect from the June. 

formed company known Cor-Del (Corporate De- 
velopment Ltd.) Toronto for the development 
new products, marketing promotion, product analysis 
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etc. Mr. Garside has been elected President the 


company. 


Punter, Technical Member, has joined the Tool Re- 
quirements Department Canadian Pratt Whitney 


Aircraft Co. Ltd. 


ADMISSIONS 


The following list admissions and advancement 
grade members during the month May 1961. 


Associate Fellow 
Haessler 


McCaffrey 
(from Member) 


Member 


Charnock 
S/L Cooling 
Dick 

Dubeta 

Hallam 

Hodgson 
Hook 

Lang 

Neuburger 
F/O Perry 


Rose 
(from Member) 
Smith 
(from Member) 


Sagar 

(from Technical Member) 
Sefsik 
Swanson 

(from Technical Member) 
Vrana 

(from Technical Member) 
Dr. Waldron 

(from Technical Member) 
Weber 
F/L White 


(from Technical Member) (from Technical Member) 


Redick 


White 


(from Technical Member) (from Technical Member) 


Technical Member 


Ainsworth 
Baker 
Bates 
Bohlken 
Croucher 
(from Junior Member) 
Cumming 
Knystautas 
(from Student) 
Letham 


Student 

F/C Ailey 
F/C Brown 
F/C Calow 
F/C Cooper 
O/C Delaney 
F/C Drolet 
F/C Dunne 
F/C 
F/C Lee 
F/C Palmer 
F/C Paterson 


F/O Lawson 
(from Student) 
McLeod 
(from Student) 
Mills 
Moller 
(from Junior Member) 
Moody 
Stonier 
(from Junior Member) 


F/C Prichard 
Radford 

F/C Robertson 
F/C Low 
O/C Saunders 
O/C Staples 
F/C Stevens 
O/C Stickley 
F/C Szabo 
O/C Tretiak 
O/C Uptigrove 
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OFFICE SPACE 


Approximately 310 square feet good 
office space, including partitioned 
semi-private office, modern fire- 
proof building available for sub-let 
the Headquarters the Canadian 


Aeronautical Institute. 


Office furniture and facilities can 


provided. 


Rates and details arranged 


negotiation. 


Please address enquiries to: 


The Secretary, 
Canadian Aeronautical Institute, 
Metcalfe Street, 


Ottawa Ont. 


SIMMONDS 


Your Exclusive Canadian Representatives for 


DAGE 
COAXIAL CABLE CONNECTORS 


SHEAR 
RIVETS AND TOOLS. ANCHOR BUSHINGS 


SIMMONDS 
“PACITRON” CAPACITANCE-TYPE LIQUID GAUGING 
EQUIPMENT 


SAUNDERS 
AERO VALVES 


SIMMONDS 
COWLING AND ACCESS LATCHES 


KING 
PRECISION FASTENERS AND FITTINGS 


SIMMONDS 
FUEL INJECTION SYSTEMS 


SIMMONDS 
PUSH PULL CONTROLS 


Sales and Service Facilities Your Disposal 
for Proprietory Specialised Accessories 


CANADA 
637 PARKDALE AVENUE 
PHONE LI. 7-1248 


HAMILTON, ONT. 


SAC/12/56 


Officially approved 


Blazer Badges 
$9.25 


Orders should sent 


Tue SECRETARY, 
Canadian Aeronautical Institute, 
Metcalfe St., 


Ottawa Ontario 
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Hydraulics pleased have been 
Boeing Airplane Company design and 

the quadricycle gear 
U.S. Army's new tandem-rotor, 
transport 
the (YHC-1B), which now 


The Company honoured that its 


Capacity for creative engineering 


18, Canada 


: 
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SINCE GEOGRAPHY BECAME JETOGRAPHY continents have shrunk and oceans have dwindled the 


compass few flying hours. this significant progress Canadian Pratt Whitney Aircraft are proud 
associated with the Pratt Whitney Division United Aircraft Corporation. P.& engines power more 
transport aircraft than those any other engine maker—as well the fastest military and commer- 
cial jet aircraft. Soon Canadian Pratt Whitney will add its new Canadian designed and developed PT6 


gas turbine engine the long line power plants bearing the world-famous Pratt Whitney name. 


CANADIAN PRATT WHITNEY AIRCRAFT 


COMPANY, LIMITED LONGUEUIL, MONTREAL, QUE. 


Ava Lines 


- 


fly the world-famous Pan Jet Clippers 


SOUTH AMERICA 


SUBSIDIARY UNITED AIRCRAFT CORPORATION 


{DEPENDABLE 
ENGINES 


PRATT WHITNEY ENGINES SIKORSKY HELICOPTERS HAMILTON STANDARD PRODUCTS NORDEN ELECTRONICS 


Y y 


LITTON 


NAVIGATIONAL: 


SYSTEM 


ADOPTED 


Advanced LN-3 
Inertial Platform 


Features Two 
Unique, Floated 
2°-of-freedom 


Gyroscopes 


The Litton LN-3 Inertial Navi- 
gation system being. 
Production orders for this sys- 
tem, used the RCAF’s 
CF-104 and the NATO F-104, 
are larger number than 


those for any other inertial 
guidance system. The LN-3, 
consisting two-gyro, four- 
gimbal platform, computer, 
adapter, and controls, weighs 
less than Ibs. installed. 
Smaller systems designed for 
orbital and sub-orbital guid- 
ance, weighing less than half 
much, are development. 


achieve the development 
the Litton platform, con- 
sideration had given 
entire new concepts inertial 
components, design, packag- 
ing, production and testing 
techniques. Litton developed 
unique two-degree-of-free- 
dom gyro measuring three 
inches diameter, four 
inches length, and weigh- 
ing only two pounds, that pro- 
vides random drift rate 
capability less than 0.01 de- 
grees per hour. The two gyro- 
scopes used are packaged 
configuration 
which retained four- 
axis gimbal mechanism. This 
permits unrestricted angular 
maneuverability the vehicle 
without incurring platform 
gimbal-lock. 


Litton Systems (Canada) 
Limited engaged the 
manufacture, testing and cali- 
bration LN-3 sub-systems, 
ground support equipment, 
etc. you have experience 
fire control, analog, servo 
gyro systems, this may 
your opportunity gain fur- 
ther knowledge this con- 
tinuously expanding field 
Canada with one the world’s 
leaders inertial navigation 
systems. 


Opportunities also exist for 
Field Service Representatives. 


apply, write the Person- 
nel Manager. 


LITTON SYSTEMS 
(CANADA) LIMITED 
123 Rexdale Bivd., Rexdale, Ontario. 


SUBSIDIARY LITTON INDUSTRIES, 
BEVERLY HILLS, CALIFORNIA. 


